In 1978 the magnetic field shapes of six ISABELLE prototype dipole magnets were measured in detail. All the harmonic terms that are forbidden by symmetry in dipole magnets are found to have values that are zero to within the allowed tolerances. This result indicates that the random errors in conductor placement are within tolerances and that the assembly techniques are satisfactory in this regard. However, the first allowed error term in a dipole magnet, the sextupole term, is much too large, and varies greatly from magnet to magnet resulting in field errors at the edge of the desired good field region that are 10-3 of the central field value, whereas the tolerable field errors are of the order of 10-4 of the central field value. This large sextupole term has been traced to assembly errors which yield a coil assembly which instead of being circular in cross section is racetrack shaped, with the vertical axis being 10 to 20 thousandths of an inch greater than the horizontal axis. This problem will be corrected in the future production series.
Introduction
Any static magnetic field in the bore of an ISABELLE dipole magnet can be completely described 
Field Measuring Techniques
The harmonic expansion of the field shape given in Eqs. (2) and (3) is very useful since the system for measuring the field shape gives results directly in terms of the expansion coefficients. We use an array of harmonic 'Morgan" coils;l each coil is about one meter long, and all are mounted concentrically on a fiberglass cylinder of 3.5 centimeter radius which spins at 300 rpm in the bore of the magnet. The present system has six coils, the signal from each coil being fed to a digital lock-in amplifier and then to a computer which prints out in a few seconds the an and bn for n 0 O to n = 5. An array of five meter long coils is being designed to measure the field over the full length of a magnet. The measurements reported here are for the coil located at some arbitrary position along the magnet axis, and are not values integrated along the full magnet length. Scanning the coil along the magnet axis gives the results shown in Fig. 1 , which shows that the sextupole term, b2, varies along the magnet length but within the tolerances expected from a random 0.002" error in conductor block placement as is discussed below. In addition, all the forbidden terms due to the structure of the magnets have been found to be independent of the primary field strength, as shown in Fig. 2 Table II show the turnovers in b2 and b4. Higher order terms are also affected, but the effects are small and are presently ignored. In order to correct for this saturation each dipole magnet has wound on its bore tube a sextupole and decapole coil each type of which will be powered in series around the ring to compensate for the saturation. It should be noted that the dipole has 800,000 ampere-turns, while the correction coils need only 800 ampere-turns for the sextuple and 90 ampere-turns for the decapole. These and other trim coils are also used for working line corrections. accelerator. It should be noted that achieving a good field shape has been a goal secondary to that of achieving the required peak field and the ability to tolerate a quench without coil damage, Figure 6 shows a plot of the data for the sextupole term. The spread in the values of the sextupole terms is serious and corresponds to an error in field strength at the edge of the bore of about one part in 1,000, which is nearly ten times too large. The source of this sextupole field has been found on recent magnets to be faulty assembly procedures resulting in the magnet coil cross section being racetrack shaped rather than circular. along the outside circumference of the coil from the center. The two blocks near the midplane are oversized. The field calculated for this shape gives good agreement with the measured value. This assembly problem can be solved and we expect to control the sextupole more tightly.
We have yet to demonstrate that we can achieve the tolerances on the allowed terms specified by the theorists, but the good results on the forbidden terms are encouraging with regard to our ultimate assembly accuracy.
